SUMMARY During 30 minutes of maintained ischaemia of the upper limb, the nerve action potential (NAP) persists in some uraemic patients until the end of the test, and in all patients significantly longer than in normal subjects. Such behaviour is similar to that seen in diabetic patients and unlike that seen in people receiving high doses of insulin and glucose perfusion. Renal dialysis increases this tendency, while macromolecular perfusion after dialysis tends to correct it.
In a previous paper (Castaigne, Cathala, Dry, and Mastropaolo, 1965) , we described the effects in normal man of a 30 minute ischaemic test upon latency and amplitude of the nerve action potential (NAP), registered from the ulnar nerve at the elbow after electrical stimulation at the wrist. Ischaemia is produced by a sphygmomanometer cuff applied on the upper arm and inflated to a slightly higher level than the systolic blood pressure for a 30 minute period. Latency of the evoked response increases coincidentally with a reduction in amplitude until the NAP disappears, most often between the 20th and 25th minutes of ischaemia (Fig. 1) . Disappearance of the NAP is not due to lowering of local temperature; a thermocouple placed near the ischaemic nerve trunk shows an average reduction of only 2.50 C, which is not sufficient to explain the decrease Scherrer, 1963) .
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This same method has disclosed in diabetic patients a sort of 'resistance' to ischaemia (Castaigne, Cathala, Mastropaolo, Dry, and Gras, 1966a) : latency of the nerve response develops more slowly and the NAP does not disappear during 30 minutes of ischaemia (Fig. 2) . These results are in agreement with those reported by Steiness (1963) , Gregersen (1964) , and Christensen and Orskov (1969) , who described a marked prolongation of vibratory perception during ischaemia in patients with diabetes mellitus or with chronic renal failure. Using our own ischaemic test, we have found increased 'resistance' in uraemic patients investigated before renal dialysis (Cathala, Beaussart-Boulenge, Meyrier, and Damame, 1971) (Fig. 3) , and decreased 'resistance' in people having massive insulin therapy and glucoseperfusion (Fig. 4) sessions a wveek and rigidly controlled diet to avoid weight increase of more than 1 kg between dialyses. All of these patients had their first electrical examination the day before dialysis, and their second examination the day after dialysis which wvas coInducted in such a way as to obtain relative hypovolaemnia with a weight loss of about 2 kg. All patients were kept in a fasting state after dialysis until the conclusion of these examinationis. Immediately afterwvards wve tried to correct hypovolaemia by a macronmolecular perfusion (with Rheomacrodex), and then patients were examined a third time.
Severe cramps in three patients prevented us from completing their last examination. Eighteen of ouI patients were also given an ischaemic test after dialysis, but without induction of hypovolaemia and consequently little change in weight. Each electrical examination included: (l) Measurement of the conduction velocity of the anterior tibial nerve (motor fibres) and ulnar nerve (motor and sensory fibres and NAP); (2) EMG of tibialis anterior muscle and of 1st dorsal interosseous muscle; (3) The two different modes of dialysis appear to have no effect on the mean value of nerve conduction velocity (Table 1) (Fig. 5) .
NAP-DISAPPEARANCE TIME (Table 2 ) This parameter gave us the clearest results. In normal people NAP usually vanishes between the 21st and 25th minute of ischaemia, infrequently before, rarely later; and never after 30 minutes of ischaemia. In diabetics, as a general rule, the NAP is still clearly perceptible after 30 minutes of ischaemia whatever the blood glucose level, the treatment or the type of syndrome, including even the existence of associated neuropathy (Castaigne et al., 1965; Castaigne and Cathala, 1967 ) (see also Fig. 2 ). In contrast, in the majority of people receiving large doses of insulin and glucose, the NAP disappears before the 20th minute of ischaemia, sometimes before the 15th (Cathala et al., 1970 ) (see also Fig. 4) .
In our patients with chronic renal failure we have found several remarkable things regarding the disappearance time of the NAP; when the data are distributed among successive time periods, the following statistical analysis can be made (Table 2): 1. NAP disappears sooner in normal subjects than in undialysed uraemic patients (P<0-01) and sooner in uraemic patients than in diabetics (P < 0-05).
2. NAP disappears later in dialysed uraemic patients, no matter what method of dialysis was used, than in the same patients before dialysis (P < 0-05).
3. In the subgroup of uraemic patients undergoing hypovolaemic renal dialysis followed by macromolecular perfusion, the NAP disappears sooner than in the same patients before perfusion (P<0-01); the distribution of the NAP disappearance times approaches that seen in normal people.
3. Finally, there was no correlation between ischaemic patterns and weight variations induced by dialysis or perfusion.
To summarize our results, uraemic patients show a clearly greater 'resistance' to ischaemia than normal people, but less than diabetics. Dialysis with or without hypovolaemia seems to have the same effect on nerve conduction in exaggerating ischaemic 'resistance'. Macro-molecular perfusion to reverse hypovolaemia decreases the 'resistance' to near normal limits. The rate of increasing latency of the evoked NAP during ischaemia remains close to normal in all uraemic patients, no matter what the circumstances of treatment, but latency increases for longer while NAP does not disappear so quickly.
DISCUSSION
Our results corroborate those of Christensen and Orskov (1969) : patients with chronic renal failure seem to present a curious 'resistance' to ischaemia similar to that described in diabetics (Steiness, 1963; Castaigne et al., 1966b; Castaigne and Cathala, 1967) . It should be emphasized that the effects of ischaemia are not identical in the two groups. Seneviratne and Peiris (1970) have reported a similar condition in patients with chronic liver disease. Shahani and Russell (1969) suggested that patients with peripheral neuropathy show the same phenomenon for sensory fibres, but their three patients had no sensory defect, and pyramidal symptoms were associated with peripheral signs. It seems that all three of their cases probably had amyotrophic lateral sclerosis. 15'I + 19' + Furthermore, they based their opinion on the fact that, in contrast with normal, the H-reflex disappeared during ischaemia, while the direct response persisted, and they thus chose to study muscle responses. However, we have shown (Castaigne et al., 1 966a; Castaigne and Cathala. 1967 ) that muscle responses seem to be much less influenced by ischaemia than nerve responses. When a muscle response vanishes during ischaemia, it is almost always when the nerve impulse traverses a relatively long distance under ischaemic conditions. For example, the response of the adductor pollicis brevis muscle remains normal after stimulation at the wrist, whereas it disappears after stimulation at the elbow (Fig. 1) . This could be due to the disclosure under ischaemia of a tendency to decremental conduction in long human nerve trunks, and could explain the lability of the H-response under ischaemia. In a personal series of 12 normal people, the muscle response to a stimulus at a long distance disappeared seven times under ischaemia and remained normal five times. It is therefore probably not possible to base any conclusion on the three patients of Shahani (Fig. 6 ). In this, one sees a good example of the biological necessity of homoeostasis: the pathological state lies on both sides of a narrow equilibrium. In this sense 'resistance' to ischaemia does not mean better defence.
In uraemic patients the NAP disappearance time is significantly later than normal, while the rate of increasing latency is equivalent in both. One may wonder whether this is the result of a greater influence of ischaemia upon nerve excitability than on nerve conduction. In this we see a difference between uraemics and diabetics who show a significantly slower rate of increasing latency (Fig. 5 ) reminiscent of the two kinds of mechanisms in uraemic and diabetic patients (Christensen and 0rskov, 1969) .
Interpretation of such results remains difficult. Following Steiness (1963) , and Christensen and 0rskov (1969), we do not believe they are due to glucose intolerance, as has been proposed for uraemic patients. Christensen and Orskov have also shown that imbalance in the serum ionic equilibrium, with a consequent change in intracellular ionic equilibrium, does not adequately explain the phenomenon. On the other hand, the enhancement of ischaemic 'resistance' after dialysis excludes the accumulation of nitrogen catabolites as the direct responsible factor. Neither can we believe that the explanation lies in morphological changes of fibres, such as demyelination as suggested by Christensen and 0rskov (1969) , or by Gregersen (1968b) , since we have seen a rapid return to normal after Rheomacrodex perfusion. Thus, the entire mechanism of action of ischaemia, as well as the altered states of 'resistance' or 'fragility' remain obscure. We do believe however that the socalled 'resistance' to ischaemia in uraemics (as well as diabetics) must be regarded as a pathological fact and not as a favourable defence.
Finally, we suggest that the rapid correction of abnormalities by Rheomacrodex seems to result mainly from a change in the plasma volume, probably without disturbing the plasma extracellular ionic equilibrium which is maintained. Thus the rate and volume of the dialysis seem to have an important role: if too rapid or too great, dialysis could explain the neuropathies which occasionally occur after the beginning of treatment. We therefore recommend more frequent dialysis sessions with a strict dietary regimen in order to avoid large increases in plasma volume requiring more strenuous dialySiS.
